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PLEASE NOTE

This report presents unevaluated information on Soviet Bloc
Internationnl Geophysical Year activities selecied from foreign-
language publications as indicated in parentheses. It is pub-
lished as an ald to United States Goverument research.
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I. DETAILS ON SIUINTK TIT

Introduction

The 18 Moy Issue of Pravda devotes two full payges to a description
ol Sputnik TLT and the experiments which are being conducted by 1t.
Scparate sections are devoted Lo the "Satellite Orbit and Obscrvation
\ of lts Movemunt" "Sputnik ILI FBquipment"; "Study of the Ionoqphcre,”

includlnr MLusuxemcnt of the Concentration of Charged P&IfiClLb

"Investigation of the POMpon1*ion ot the Tonosphere," and ' Investlgauion
nf Electrostatic Flelds"; "Mcasurement of the Earth's Magmetic Field';

fudy of Cosmic Rays;" "Investlnatlon of Corpuscular Radiatlon of the
SunYs "Mcasurement of Pressure and Density of the Atmosphere''s "Investiua-
tion of Micrometeors"; and "Sources of Equipment Power Supply."

The Pravda article is accompanied by a photograph showing an external
view of Spuinik IIT and two schematic diagrams. One diagram, on psgs 3,
shows the external disposition of some of the sclentific equipment carried
by the satellite. (1) magnetometer, (2) photomulicipliers Tor register-
iny corpuscular radiation of the Sun, (3) solar batteries, (4) instru-
ment for reysistering photons in cosmic rays, (5) magnetic and ionization
manometers, (6) ion traps, (7) electrostatic fluxmeters, (8) ness -
spectrometer tube, (9) instrument for registering heavy nuclei in cosmic
rays, (10) instrument for measuring the intensity of primary cosnmic
radiation, and (11) transducers for registration of micrometeors. The
electronic units of sclentific equipment, radio-measuring systems, the
programing-timing device and the electrochemical power supplies, which
are located inside the satellite body, are not shown in the schematic.

The second diagram, on page 4, is a sketch of the satellite being
' separated from the cerrier-rocket showing (1) the satellite, (2) the
carrier-rocket, (3) the separating protective cone, and (%) the shields
being separated from the satellite.

The followlng is the full text of the 18 May Pravda article.
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basic Diuformabion

o a i

Thes Lnanching of the third foviet artificial Barth satellite was ac-
compListuri on 15 May 1955, Spatnik ITI was placed in orbit with the aid
ol a poworful rocket-carrier. When the rocket-carrier with the satellite
hed altained in the gp=zeified trajectory a flight veloeity of more than
£,000 meters per mecond, the satellite was separated from the rocket-
caryvia? by sypecial davices and began to move in an elliptical orbit around
tae Paceh. Durlng the separation of the satellite fiom the rocket carrier,
the protective cone and protective shiclds were discarded. The rocket-
cavler with the probvective shields and the protective cone move in an
orbit closc to the satelllite orbit.

Accnrding to 1ts specifications, Sputnik III by far surpasses the
firgt azcificial Barlh satellites.

The weizht of Sputnik III is equal to 1,327 kilograms, and the total
valoht, of the gelentific and measuring equipment, together with power sup-
plies wihich are mounted in the satellite, is 968 kilograms.

The savellite hes a form which is approximate to & cone. The length
of the satellite is 3.57 meters, and its largest diame*er is 1.73 meters
not considering the protruding antennag. A large number of systems Tfor
conluctiag complex sé¢ientifilc experiments are instelled in the satellite.
The experiments Are intended basically for studying phenomena occurring
in the upper layers of the atmosphere and the effect of cosmlc factors
on procesgses in the upper atmosphere,

BSputnik III is eqdpped wlth improved measuring radio engineering ap-
rasatus, providing exact measurement of its orbital movement and a radio
telemetoring apparntus which continuously recorde the results of sclentific
neesuremants, "storesc” them during the entire time of the sutellite's
flight and then trangmites them to Earth during the satellite's flight
ovar special statlons situated in the USSR which recelve the accumilated
infomation. There 18 a programing device on the satellite which ensures
automatic funciioning of its scientific and measuring apparatus. This
programing device is made entirely of semiconductors. In addition, all
measuring, scientific, and radio enginéering devices.are made with the
wide usayge of new aamiconductor elements. The total number of semiconduc-
tor elements dn bosrd the satellite 1s several thousand. The power supply
of the apparatus is provided by the best improved electrochemical sources
of surrent and by séficonductor silicon batteries which convert the energy
01’ solar rays into éléétrical energy.

The gréat weight of Sputnik IITI testifies to the high qualities of
the rockei-carrier which carried it into orbit. The weight of the
Sputnik I was equal to 83.6 kilograms. THe weight of scientific measur-
ing equipment of Sputnik II was 508.3 kilograms. Sputnik III weighs
1,347 kilograms. The total weight of equipment for scientific research
and radior geasuring equipment, together with power supplies of Sputnik IIiI,
is 968 kilograms.

o CPYRGHT
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The coutinuous increase {n the weight of the Boviet satellites testi-
Ei:o to the Pulure posslbllitics of vur rocket englneering. Already
boday, there 1s o possibility of launching @ rocket into the cosmos be-
youd the limits of the Barth's grevitatlon. o Lhat this would huve sci -
“ntifle slgniflcunce  and would be a reul stride in accomplishing Inter-
planetary flights, it ls necessary that such a cosmic rocket is sufficiently
equipped with sclentific and measuring apparatus and, as a result of 1lts

Taunching, obtaing new information on physical phenomena of the Universe
and on condltions of cosmic flight.

The selentific equipment on Sputnik IIT makes it possible to study

4 wide cirele of geophysical and physical problems. The structure of the
fonosphere wlll be studied by meens of observations of the propagation of
radio waves which are emitted from the satellite by a high-powered radio
transmitter. 1In thils connection, an apparatus for direct measurement of

the concentration of positive ions along the satellite orbit has been in-
stalled. A special apparatus will permit the measurement of the natural
electrical charge of the satellite and the electrostatic field in the layers
of the atmosphere through which the satellite passes. Measurements of dens-
ity and pressure In the upper layers of the atmosphere are being conducted.

A mass spectrometer mounted in the satellite makes 1t possible to determine
the spectrae of lons which characterize the chemical composition of the at-
mosphere. :

For studying the Barth's magnetic field at high altitudes, a self-
orienting magnetometer which measures the full intensity of the magnetic
field has been installed.

A number of experiments are devoted to the study of various radiations
falling to Barth and having an effect on important processes in the upper
layers of the atmosphere. The study of ¢osmic rays in corpuscular radia-
tion of the Sun 1s being conducted by the satellite. Registration of the
intensity of cosmic rays, being conducted almost over the entire surface

of the Earth, will give new information on cosmic radiation and on the
Barth's magnetic field at high altitudes. Experiments for determining

the number of heavy nuclei in cosmic radiation are being conducted. Ex-
periments In corpuscular radiation of the sun will throw a new light on

tne nature of the ilonosphere, aurora, and other phenomena in the atmosphere.
Ceveral transducers will record micrometeor impacts.

A new experiment on registering photons in the composition of cosmic
radiation is very important and will make it possible to obtain information
on short-wvave electromagnetic radiation in the cosmos. This is the first
experiment permitting the study of cosmic radiation absorbed by the atmo-
«pnere and th: first step in opening a new stage in astronomy -- study of
[pienomena in the universe according to short-wave radiation of luminary
hodies. A number of experiments have been set up for investigating flight
conditions in cosmic spece. Included in these experiments is the study of
[the heat regimen in a satellite, orientation of a satellite in space, and

plher experiments.
-3 - CPYRGHT
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The abuadence ol celentitfic fnvestigations on Spucnillk TIT charac-
terizes {8 oz oa penuine zonmic wrientific stebion. The creatlion of such
n atabio: oo aa advanced techoleal lewcel aad the placement of so broad
a zomplex of eqelpmoent on 1% hecome possible thanks to the fact that a
satellite of <zeh large dbDicusions was created.

The satallive trajsctory will vass over all polats of the gloube
lyiag Letweer tre nortn oand soath polay clreles. This lncreasec even
more tho valte of roleatifle expevimeats velng coaducted by the satel-
1ite, The parameters off the satelllle’s orbit were selected in a man-
ner that would pusrarhee che coaduet of sclentific inveshipations in

the most Laver~itiag raxge of altinades.

The Savellite Jr-in sad Chaevvatios of Th: Mcveneat

Sprotk IXT was placed ivnto ar elliptical orwit with an apogee
altitude (the highas{ point of the orbit from the surface of the Earth)
of 1,880 k!llometers., After futroduction loto orbit, the satellite was
separated from the rockei-carrier. The peviod of 1ts rotation around the
Favth at the veglinting of movement was 105,95 minutes. In a day, the
satellite completes around 1b ovbital vevolutions. Later on, the rota-
tion perled aad the spogee altitude of the orbit will gradually decrease
besause of deceleration of the sateliite Iin the upper layers of the atmos-
there. Accovdiag to prelimizary estimates, the movemeat of Spufinik IIT
in orbit will be longer thaun the movement of the first two Soviet Earth
satellltes.

The plane of the orpit i3 inclined to the equatorial plene at a
650 angle.

The woukeheoarvier, lmpeilately after placing the satellite in orbdbit,
itselt Laowan to orbit close to the satellite orbit at a comparatively
short JizRavesn fvan L, Durlog the coursgse of time, the distance between
the satellite aud Lhe rocketecarvier will be chauzed constantly la cone
neation wish “he differvent legree of itg deceleratlion in the atmosphere.
The varicue deprees of decelevablon osour because lifetlme of the rocket-
cavrier will Y2 legs than the time of existence of the satellite.

Using dair accwmilated duriag lauanchings of the first Soviet arti-
fileial satellites, the lifevime may be predizted exactly after processing
of the First resulhs of measuvrements of the parameters of the orbit of
Sputnik IIIL.

The movenment of the Sputalk III in relatlon to the Earth is similar
to the movemeub of the first Soviet artificial satellltes. In the middle
latitudes, each successive revolution over the Earth's rotation and the
preceszion of Lhe orbit occurs approximately 1,500 kilometers west of the
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preceding revolution, The rate of precession of the orbit is around h°
dnily. Obscrvations of satellite movement are conducted by radio engineer
Ing nnd optical methods. The equipment and methods of observation have
bueen slonificantly improved for Sputnik III. The satellite is equipped
vith several radio tranocmltting devices which make it possible to conduct
measurements of 1ts coordinates during movement in orbit. These measure-
ments are made by a series of specially created scientific stations
cquipped with a large number of radlo engineering devices,

Ar

Data on satellite coordinates, which are measured by radar equipment,
are automatically recorded simultaneously with unified astronomical time.
Then, these data are transmitted along special communication lines to the
general coordination-computation center. In the coordination-computation
center, measurement dota, received from various stations, is auktomablcally
fed into high speed electronic computers, which perform joint processing
and compute tlie basic parameters of the orbit. On the basic of thesec cal-
culations, the future movement of the satellite is predicted, and its
cphemerides are glven. Such a complex of measuring equipment, which in-
cludes a great number of electronic, radio engineering and other devices,
ensures the mensurement of satellite coordinates and the rapid determi-
nation of the parameters of its orbit with an accuracy which exceeds by
far the accuracy of measurements of the movement of the first satellites.

Dosanf [Volunteer Soclety for Cooperation With the Army, Air Force,
and Navyl, clubs, radio direction-finding stations, and a large number of
individual radio amateurs are taking part in radio observations of the
satellite at the same time. A radio transmitter operating on a frequency
of 20,005 megacyclies and continuously transmitting radio signals in tele-
graphic form with a duration of 150-300 milliseconds is installed on the
satellite. The radiating power of the transmitter provides sure reception
of its signals at great distances with the use of the usual amateur re-
celvers. Systematic recording of these signals, especially recording on
magnetic tape, which 1s easily done by radio amateurs, will have great
scientific significance.

Radio observations of the movement of the satellite based on the
use of the Doppler effect is of considerable interest. As the observa-
tlons of the first Soviet satellites demonstrated, this method is very
effective and under conditions of good tying in of results of measurements
to astronomical time, it will be possible to obtain precise data on satel-
lite movement.

In the organization of optical observations of the movement of Syut-
nik III, the experience obtained in observing the first satellites is also
taken into consideration. The network of ground stations for optical
observations has been expanded, and a number of foreign observation posts
have been added to it. Photographic methods of observation have been
significantly improved.

CPYRGHT
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Vv . - - -
The voe of an clectron-optical converter in photographing the satel-
Lite whiieh mnokes poscible o shorp photographle image at very great dis-
banecs oo speelal luberest.  Models of the apparatus for photographing
agovellites with the use of the electron-~optical converters werc success-

fully tested in obzervations of Sputnlk IT,

Spubnlll TIT  Fouvipmend. .

Sputnik IIT In the full sense of the word is an automatic sclentific
sttion Lo Gthe eosmoz. Ihts equipment and dezign are considerably more
lmoroved thon the design of the first sputnlks. In designing Sputnik III,
a4 whole munber of gpecifilc requirements connected with the conduct on 1t
of various scientific cxperiments and the disposition of a large number
of sclontivice and mensuring equipment was considered. The possibility of
mabuel infTuence of individunl selentific instruments required careful
packosiag i the sotelllte and placement of senslng elements of sclentific
aproratus,

Thez hermetically-sealed body of the satellite has a conical form and
is made from aluwnlnum alloys. ILhs surface, Just as the surface of the
first satelilces, was polished and subjected to special processing to give
it the necessary coefflcient wvalues of emissivity and absorptivity of
solar rodiotion. The removable rear bottom of the satelllite ls fastened
wvith joint frame boits. The hemmetic qualliy of the Joint is ensured with
speciul senling. Before launching, the sofellite is f£illed wlth gaseous
nitropgen.,

Within tue body of the savelllite, in She rear instrument frame made
of maginesiuam alloy, the following are situated: radiotelemetering appa-
phue, vadio apparatus for measaring satellite coordinates, programing-
tlminy device, apparatue for the heat regulating system and for measuring
tompecbure, an adbomabic syshbem which provides for switching on and
switching off the appavatus, and chemicul sources of power supply. In-
striments Tor measuring the intensity and composition of cosmic radiation
and apparatus for recording micrometeor imposcts are also mounted on the
rear frame. Ghe frame Ls fastened to a power pack on the casing of the
body .,

The bauie sectlion of instruments for sclentiflc investigations, to-
gether with power supplies, is also lozabted in the satelllte -- on the
second iastrument frame located in the front of this section. On this
frame are mounted electronlc units of equipment serving to measure pres-
sure, lon composition of the atmosphere, concentration of positive ions,
magnitude of electric charge and intensity of the electrostatic field,
intensity of the mapgnetic field, and the intensity of the corpuscular
radintion of the Sun. The radio transmitter is also mounted here.

CPYRGHT
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sensing g}ements (tronsducers) of the scientific
cquipment 1s determined by thelr purpose. A magnetometer 1is placed in
the forwurd section of the satellite for its maximum removol from the rest
of the equipment. Cosmic ray counters are installed inside the satellite.
Other transducers of the scientific equipment are located outside of the
hermeticolly seanled body of the satellite. Photomultipliers serving for
registering corpuscular radlation of the Sun are fastened to the forward
section of the frame. In cylindricul vessels, which are molded in the
form of a shell in the forward scction of the satellite, one magnetic and
tvo ionizatlon manometers which measure the pressure of the upper layers
of the atmosphere are installed. Two electrostatic fluxmeters serving to
measure the electrical charge and intensity of the electrostatic field,
- 25 well as a tube of a radio-frequency mass-spectrometer which determines
the composition of ions at great altitudes, are placed near them,

On two ftubular rods, which are fastened to the body casing by hinges,
are meunted spherical net-like ion traps which permit the measurement of
the concentration of positive ions during the satellite's orbital move-
ment .,  During the placing of the satellite in orbit, the rods with the
trops are pressed to the surface of the body. After placing of the satel-
lite in orbit, the rods turn around on the hinges and are set perpendicu-
larly tc its side surface.

On the rear bottom of the body four transducers for recording micro-
meteor impacts are installed.

The solar semiconductor battery is situated in the form of individual
sections on the surface of the body. Four small sections are established
on the forwvard bottom, four sections on the side surface, and one section
on the rear bottom. Such disposition of the sections of the solar battery
guarantees its normal operation, independent of the satellite's orienta-
tion with respcct to the Sun.,

The forward section of the satellite is covered with a speeial pro-
tective cone which is discarded after the satellite is prlaced in orbit.
The protectlve cone preserves the forward section of the satellite, on
which are mounted transducers of the scientific equipment, from heat and
aerodynamic influences during passage of the rocket-carrier through the
dense layers of the atmosphere. The cone consists of twe half-shells
whlch are separated when discarded. Besides the protective cone, a con-
siderable section of the external surface of the satellite durlng orbit
placement is covered by four special shields Joined by hinges to the body
‘ of the rocket carrier. After separation of the satellite, these shields
remain attached to the rocket carrier.

On the external surface of the satellite, a number of antenna sec-
tlons are mounted in the form of rods and tubular design of complex form.

CPYRGHT
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The multicaannel radio telemetering system of the satellite is char-
acterized by high sensitivity. It can transmit to Earth an exceptionally
lorpe amount of scientific information coacerning the sclentlfic measure-
aents being conducted on the satellite. The radio telemetering system
includes a pumber of devices continucusly storing data on scientific
measurcrients during the satellite's flight in orbit. During the flight
of the satellite the "stored" information is transmitted from the satel-
lite to ground measuring stations with great speed.

A system avallable on the satellite for measuring temperature con-
tinuously registers the temperature at various points on its surface and
inside 1it.

Automatic control of the operation of all the scientific measuring
equipment, its periodic switching on and swvitching off 1s sccomplished
by an clectronic programing-timing device, This device also periodically
gives time markers with great accuracy, which are necessary for subsequent
tying in of results of scientific measurements to astronomical time and
geographical coordinates.

A stable temperature regimen in the satellite is provided by a system
of heat regulation which is considerably improved in comparison with the
systems of heat regulation used in the first satellites. Repulation of
the heat regimen is accomplished by means of a change of gaseous nitrogen
by forced circulation in the satellite, and also by changing the coef:-
ficient of natural radiation of its surface. For this purpose, on the
side of the surface of the satellite, regulating jalousies consisting of
16 individual sections asre mounted. Opening and closing of these jalou-
sies is accomplished by electric drives controlled by the apparatus of
the heat-regulating system.

CPYRGHT
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Lokl bl Towogphiers
. fro tive program oF Seicptific investication conducted with the help
Clboowrtadic LEL, preat aftontion is o given to the study of the Lonosphere.

fommber ol Tmportant ionosphere characteristics have not yet been
studted surticiently. Up to now, only in single rocket experiments were
. dorest data obtained on the digtribution of the electron concortration
gith roespect to the altitude off the outer ionosphere above 300 kilometers
QLZLL Less information is available on the don concerntration. The iu-
- formevion on the chemical composition of jons, which is highly importaunt
Lpuu'ﬂu;uﬁyﬂQMint of' i:xplaining the process of ionosphere formation and
R e oo ol et s A
: n tudes. ] : _ sphere inhomogeneities is
rustil’lzient wnd contradictory.

A detailed study of fonosphere structure and its principal charac-
buristieos is one or the most important geophysical problems. It should
be pointed oul that the solution of this problem has lirect bearing on
a relioble ground radio communication with cosmic rockets, as well as
tor precice radio measuring, connected with the flights of such rockets.

| A; in the £light of the firsttwo artificial earth satellites, during
the flight of sputnilk I1I, an extensive program of ground observations

of radic waves radiated from the satellite will be zonducted.

Measurcement and registration of ‘the Doppler effect (frequencies),
Sf the intercepted redio waves, of the field intensity, fixing the in-
shant ol "radio-rise" and "rudio-set" of the satellite, of the rotation
i ther plone of polarizetion of radio waves, and of the angle of arrival
of thu radio waves will be conducted. The results of such observations
showdd provide extensive material on the state of the ionosphere.

. In conjunction with the ground obscrvations, Sputnik ITTI will conduch
dlrect measurements ol lonosphere characteristics.

“hoe peculiar ity of direct measurement of lonosphere characteristics
Wil the wid of instruments placed on the satellite is that, in contrast
Lo the methods based on the study of radio wave propagation, the results
ol measurements do uot depend on the characteristics of the whole thick-
- uess of the jonosohere between the carth and satellite, nor the processes
comurving itoit,

The concentration of charged particles in the ionosphore and the mass
spectrum of positive ions are determined by the satellite. Together with
measuromenes of the electrostetic field at the satellite surface, which
sfleet the results of these tests, the enumerated measurements represent
& single complex of experiments, cach complementing the other.

CPYRGHT
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1. Measurement of Concentroation of Chaaped Porticles

In the iounospherd, there are three basic Lypes off froe chuarged
particles ~- positive and nepgotive lons and electrons.  The sum of concen-
tration of negative itons and electrons 1s equal to the concentrobion of
positive lons. The ionosphere is clectrically neutrel. Therefore, by
measuring the concentration ol positive ifons, i1t is possible to determine
the complete concentration of irec charged particles.

The study of radio waves roflected from the icnosphere or passed
through it permits obtaining information primarily ou the electron con-
centration, since the effeet of the heavy charged particles, the ions,
on the propagation of radio waves is more than a thousand times weaker
than the effect of the lighter electrons. Since unti) recently, redio
waves were the main means for investigating the lonosphere, all the basic
information about the content of the charged particles in the ionosphere
hod relation only to the electron concentration. Practically nothing was
known about the ion distribution.

For measuring the concentration of positive ions along the orbit,
two spherical net-like ion traps are mounted on the surface of the sat-
ellite. 1Inside each of the traps 18 placed & spherical collector which
has a negative potentiai with respect to the shell. The elcetric field
thus formed attracts to the collector all the positive ions entering the
trap and repels all the negative particles. Since the satellite velocity
exceeds many imes the mean velocity of the thermal movement of the ions,
1t can be considered that for the conditions of the spherical shape of
the traps, the ion flow to the surface of the trap is fully determined
by the motion of the satellite, and is independent of the air temperature,
which changes with the altitude, ard the orientation of the satellite
with respect to its velocity. Exceptions are the cases when the <trap
enters the region of high vacuum which forms behind the satellite. When
there are two traps located in the indicated manner, then at least one
of them is always outside of such a region. By the mognitude of ion cur-
rent flowing in the trap collecbor located at the moment in the siream,
it is possible to determine the concentration of positive ions in the
vicinity of the satellite.

The relation Utetween the measured ion current and the concen-
tration of ions is rather simple if the electrical potential acquired by
the satellite in its course of flight in the iocnosphere is sufficiently
small (for example, not excecading one to 2 velts). But, if such pofential
is great, then it can affect the magnitude of the measured current to a
censiderable degrec and, therefore, should be taken into account. For
this purpose, to the net-like shells of the traps are fed periodically,
short voltage pulses with respect to the satellite frame.

CPYRGHT
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A volt-ompere characteristic is taken ot thio time, which nhwkes

Lt possible to tobrodue: the corvecbion, taking ivto account the et'fect
of the satellite poteunhicl en the value of lon current of the trap. The
device makes it poosible Lo measure the ten concentrations in the range
from 10,000 to 25 mitlion ions 1n a cubic cenbimeter.

The measuremernt of the positive ion concentration makes 1t pos-
sible for the flrst time to obtain data cbout the full concentration of
charged particles in the ionosphere over various geographlcal reglons of
the carth, for various altitudes, as well as its changes during the tran-
sitions from the regions illuminated by the Sun into the region of shade
and vice verse. These date are rather important for understanding the
processes of the interoction of the Sun's radiation with the Earth's
atmospherc.

Comparison of the measurements conducted in the region located
below the so-called main ionization maximum, which is located at an al-
titude of 300 to 350 kilameters, with the results of ground ionosphere
stations has made it possible to draw a series of conclusions about the
concentration of ncgative lons at such altitudes and asbout the ioniza-
tion of the eir caused by the motion of the satellite itself.

It can be expectod that the measured concentration of positive
ions will provide new date on the structure of the outer region of the
ionosphere, which will provide additlonal information about this region
as previously obtained from rocket launchings and the first two artificial
earth satellites. It can also be expected that the magnitudes of the
ionosphere inhomogeneities will also be measured.

2. Investigation of the Composition of the Ionosphere

The earth's atmosphere consists of a great variety of gases.
Tts composition at the earth's surface has been studied sufficiently
well. The data on the composition of the upper layer of the stmosphere
are at present rather contradictory. One of the important gas char-
acteristics entering the earth's atmosphere, as well as of all the exist-
ing elements, is their atomic and molecular weight, which are expressed
in empirical units, so-called atomic mass units. For the atomic mass
wlt, a value equal to 1/16 of the atomic weight of oxygen is taken.
The molecular weight of oxygen, composed of two atoms, 1% equal to 32.
The atomic weight of nitrogen is 14, and the molecular weight is 28.

Anplyzing the molecular and atomic weights of various campounds and
mixtures, 1% 1s possible to draw conclusions about their chemical com-
position. For the determination of atomic and molecular weights of el-
ements and their compounds comprising a mixture, so-called mass-
spectrometers are used. The mass-spectrometer installed on Sputnik III
is intended for determination of mass spectrum of the positive ions that
exist in the earth's ionosphere. Knowing the mass mmber of the ions it
18 possible to draw conclusions about the chemical composition of the

ionosphere.
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The mags-spectrometric tube, the sencing 2lement of the instru-
ment, is comncceted with Lts open-entrance aperture directly to surround-
tng space. Tt contatins a series of thin-wire grid-clectrodes placed at
fixed distances from cach other. Behind the grids are collectors in the
form of motallic plates which collect ions entering the mass-speetrometer
tube after pacsing throush all the grids.

The tube clectrodes are fed various dircet and alternating cur-
rent voltages generated in the clectronic unit of the mass-spectrometer.
These voltages are selected in such a manner that only those ions can
reach the collector which have passed the tube with optimum vector veloc-
ity. The ifons passing the tube with vector velocity greater or smaller
than the optimmm, will not be admitted to the collector. The velocity
with which the ions pass through the mass-spectrometer tube, are deter-’
mined, on one hand, by their mass and, on the other hand, by the accelerat-~
ing potential applied to certain grids of the tube.

The accelerating potential periodically changes from zero to its
moximum value. Therefore, the optimm velocity is imparted alternately
to the ions with various mass mmbers. When the ions reach the collector,
a current pulse 18 generated in its circuit which is amplified and is:
transmitted by a radio teclemetering system to Earth. Simultaneously,
the accelerating potential, available at a given moment on the tube grids
of the mess-spectrometer, is alsoc transmitted. If the ionosphere has
ions of only one mass, then the receiving stations will register one
pulse of ion current for each cycle of change in accelerating potential.
In case of a more complex camposition of the ionosphere, two or more
pulses are registered for each cycle. The ion mass number, correspond-
ing to each pulse, can be determined by means of comparison of the mass
spectrum records with the records of the mass-spectrometer accelerating
potential.

3. Investigation of Electrostatic Fields

As a result of a serles of processesc occurring in interplanetary
space, as well as in the atmosphere, the earth, with 1ts atmosphere as
a whole, acquires a certain electrical charge. The electrical field
caused by such a charge will act on the velocity and the direction of the
charged particles traveling in interplaneteary space. It can have an ef-
fect on a number of geophysical phenomena (aurorae, etc). Deta on the
electrical fields in the upper aimosphere might greatly help in determin-
ing the causes for the existence of the earth's negative charge and the
positive charge of the atmosphere, which create between the earth and
the ionosphere a potential difference of several thousand volts.

CPYRGHT
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Although a number of theorico explaining the origin of aurora
ard corpusculer flows allow for the existence of electrical fields in
the upper layers of the atmosphere, the direct measurement or their in-
direct determination has never been conducted. The fact remnins that
the favorable conducting layer of the ionosphere prevents the pentration
of electrical flelds into the lower layers of the atmosphere in the same
manner that a giant metallic shield would do if it were substituted for
the ionosphere.

For the same reason, it is impossible to measure, with the aid
of instruments located below the ionosphere, the electrical fields in

interplanetary space.

The measurement of the electrical fields with the aid of the
satellites is complicated by the fact that any body in the upper layers
of the atmosphere will acquire an electric charge, the field of which,
if not taken into account, will add up with the measured field and will
distort the measurements.

This charge appears &s & result of the inequality of electron
and positive ion velocities entering the surface of the satellite, as
well as ‘the result of phenomena such as photoeffect, i.e., the ejection
of electrons from the satellite surface by light and by other radiations.

Use of satellites for studies of such characteristics of ‘the
lonosphere as the concentration of ions and their mass spectra requires
accounting for such disturbances which the satellite brings to the sur-
rounding space. Therefore, the measurement of the electric charge of the
satellite, vhich causes the redistribution of the charged particles in
its vicinity, is also desirable to improve the results of these experi-
ments. On the other hand, the information on the electric charge in
conjunction with the data on the ion concentration will make it possible
in a mmber of cases to determine such a difficult-to-measure ionosphere
characteristic as temperature.

The equipment used on the satellite consists of two sensing
electrostatic flux meters having common control circuits. It is made
in the form of two transducers mounted symmetrically on the side sur-
face of the satellite, and a unit with amplifiers. The essential part
of each transducer is the measuring electrode, a ten-sector plate con-
nected to the body of the satellite through a resistor. The surface of
the plate becomes, in & way, the surface of the satellite. This plate
is periodically shielded by another plate, a shield, which is rotated
by an electric motor. Since the measuring plate is a part of the satel-
lite surface when it is exposed, it contains some part of the satellite's
charge, as well as the charge induced by the exterior electrostatic field.
When this plate is covered by the shield, the charge is removed.

| CPYRGHT
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During the rotation of the shield, the charge from the measur-
ing plate is periodically removed through the resistor forming an alternat-
ing current potential across it which is proportional to the magnitude
of the platc charge. This potential is amplified, rectified, and fed to
the lnput of the radio telemetering system. This oystem of messurement
makes it possible to determine the magnitude of the electrostatic field,
and the use of two symmetrically placed transducers of the electrostatic
flux meter makes it possible to determine not only the satellite's own
charge, but also the exterior electrostatic field.

During the operation of the apparatus, a specilal system of con-

trol makes 1t possible to check the reliability and accuracy of measure-
ments. :

Measurement of the Baxth's Magnetic Field

The action of the Earth's magnetic field is revealed both during
observations of artificial indicators of the type of magnetic needles
rotating coils, ete., inserted in it, as well as during observations of
a whole series of geophysical phenomena: deflections in ‘the polar regions
of charged particles emanating from the Sun, the deflection of cosmic
rays, and the polarization of radlo waves.

The distribution of the magnetic field according to size and inten-
sity was studicd in enough detail only over the continents in the direct
vicinity of the Earth's surface. These data were widely used in the prac-
tice of prospecting for useful minerals, ship navigation, aeronavigation,
ete,

The nature of the Earth's magnetic field up to now is unknown. As
a result of prolonged measurements of the intensity of the Earth's mag-
netic field in special observatories, it was established that it changes
with time. The most intensive changes of the magnetic field are called
magretic storms.

Analysis of observations showed that the principal part of the Earth's
magnetic field and its secular variations are caused by sources occurring
inside the EBarth. On the other hand, the chief sources of short period
variations of the Earth's magnetic field and magnetic disturbances are
outside the Earth in the upper layers of the atmosphere.

The magnetic field of the Earth in the first approximation coincides
with the field of o magnetized globe or of & strong megnet, the distance
between the poles of which is extremely small, and on which the north
pole of this magnet is located in the southern hemisphere of the Earth,
and the south pole in the northern hemisphere. The axis forms an angle
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of 11.5 depgrees with the axis ol rotation of the boarth. This slmple 1cp-
recentation ls complicoted Ly the location of fields of continental, re-
gilonal, and local anomulics. An example of the first is the Tast Siberlan
mognetic anomaly, occupying a considerable part of the continent.

Sources of local magnetic anomalies, for example the Kursk, lic in
the uppermost layer of the Farth's crust, bul these anomalies quickly
decrease with altitude. Contradictory opinions exist concerning the
localization of continental anomalies.

. Mathematical methods permit the calculation of the field at high
altitudes 1f the distribution of the field ncar the surface is kuown.
Observations on the intensity of cosmic rays at different latitudes give
definite information concerning the structure of the Earth's magnetic
field at high altitudes. The most puzzling thing is that maps of the
digstribution of the magnetic field at high altitudes, according to ter-
restrial magnetometric date and according to observations of cosmic rays,
are not in agreement. Direct measurements of -+the intensity of the mag-
netic field at high altitudes using magnetometers mounted in artificial
earth satellites, permit shedding light on the cause of the observed dis-
crepancy.

The placement of a magnetometer in a satellite permits conducting
a magnetic survey of the whole of the Barth in a short period of time.
Quite exceptional possibilities for the investigation of the variable
part of the magnetic field are presented.

According to contemporary notions, magnetic perturbations are caused
by strong currents flowing in the ionized layers of the atmosphere. Up
to now, only one direct experiment was known, accomplished with the aid
of a magnctometer installed in a rocket, which attested to the actual
exlstence of such current systems.

The satellite moving along its orbit will repeatedly cross the
ionizcd layers of the atmosphere. Thus, the existence of the current
system can be noted according to Jumps in the intensity of the magnetic
ficld. Separation of the intensitles of the field measured by a mag-
netometer, frequently related to the supposed current system, can be ac-
complished only by special methods of observation and processing of the
data. According to the reason given, programs for the investigation of
the spatial distribution of the Earth's permanent and variable magnetic
fields cannot be fulfilled in one experiment.

The principal problar of the experiment by the artificial carth
satellite is the investigation of the spatial distribution of the perma-
nent magnetic field of the Farth at the highest altitudes in comparison
with the spatial distribution of lines of similar intensity of the magnetic
field and lines of similar intensity of cosmic rays.

CPYRGHT
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Meagurcment of the magnetic field with satellites io connected with
considerable difficulties, which arc determined by the fact that the lo-
cation of the satellite relative to the vector of the Farth's magnetic
fleld changes continuously. The magnetometer should possess high sensi-
tivity over a large range of measurements. The influence of thc magnetic
parts of other inboard equlpment is exerted on the transducers of the
mocnetometer.

A magnetometer which eliminates these difficulties is installed on
board the satellite. This magnetometer is an instrument, the measuring
transducer of which is automatically oriented in the direction of the

full vector of the Harth's magnetic field in any orientation of the sat-
ellite. The size of the magnetic field and its variations serve as a
compensating current passing through a coll, mounted on a measuring ‘trans-
ducer, in such a direction that it fully compensates the spatial field

of the earth occupied by the transducer.

Two potentiometric transducers, installed at the junction of orienta-
tion, makes it possible to detcrmine the position of the satellite body
relative to the Earth and the rate of rotation of the satcllite around
its own axis.

CPYRGHT
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study or Cosmlic Ruys

Tnvestlputlon of cosmle radiation ls making it possible to obtaln in-
formatlon on the processes concerned in the formation of particles in the
deyths of outer space which possess very great energy. Moving about the
universe, these particles are acted on by the effect of the medium through
whiclhi they pass. Lffeclt on cosmic radiation is caused by processes occur-
ins on the Sun and, in particular, by streams of corpuscles ejected from
within tne Sun. The intenslty of cosmlc radiation changes under the
. aehblon of electrical and magnetlc fields present in these flows. Changes
in the composition of iInterplanetery medium surrounding the Earth also
leads to chenge in the character of the movement of particles of cosmice
rays which originated in “he furthermost reglons of the universe and are
moving in the directlon of the Barth. Sometimes powerful explosive proc-
esses  gecur on the Sun, resulting in the appearance of cosmic rays. These
preeesser huave been little studled so far, and their investigation 1ls of
great ilmportance.

An tie result of defliection of cosmic rays in the magnetic fileld of the
Farth, only particles with energy greater than 14 million electroanic volts
cun reacti the equatorial regions of the Barth., Particles with very small
energy can reach the high latitudes. Moving about its orbit, the satellive
makes It possible to reglster cosmic radiation of different energy.

The cosmic roys counter installed on the satellite will make it possi-
ble to obteln information on the intensity variations and the energy spe
trum of cosmic radiation. ‘

Of particular significance 1s the research on the smallest particles
of light in the composition of cosmlc rays, the photons. Photons possess-
ing considerable energy, as the so-called gamma rays, can reveal o us
where this radlation is generaited better than any other component of cosmic
radiation. Guma rays shouwld pirropagate themselves practically linearily in
universal spece. Therefore, having detected in which direction the gamna
»ays are moving, 1t 1s possible to designate where their source is located.
It corntrast ko this, particles of cosmic rays having electrical charges are
ahrongly deflected in the mapgnetic fields existing in the cosmos and loge
their initlal direction of movement.

- Detection of gammo rravs in the composition of cosmic radiaticn is con-
nected with greut difficuliies, and all the more so, since at present, it
is not possible to predict thelr intenslity. The satellite exlsting for &
long time outsiyle the Barth's esimosphere presents an unusual possibility
for detecting this new component of cosmic rays.
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An Ingtrument ingstalled In the satellite males 1t possible for the
Lirgt time to reaullze aun experlunentual attempt to detect pommu-rays in the
composition of primary cogmic radintlon. If this attempt is crowned with
succesy, then it will be possible to speuk of a new method for investipga-
Lion of the unlverse.

It is known that aboulb TO pevcent of the primary flow of cosmlc rys
cntering into the upper layers of the atimosphere concist of protons --
the aurleus of the lightest element, hydrogen. In addition to protons,
there are also other nuclel of cther elements in thie primory [low of cos-
mlc ruys. Nuclel of heliwn (alpha purticles) are present In o quantity
less than 20 percent and nuclel of heavler elements make up about one
percent in all. Even though the number of suech particles is smell, the
energy which they bear consists of about 16 percent of the energy of the
entire flow of cosmic rays.

It 1s important to know the composltion of the primary flow in more
detall. Information on the compositlon of cosmic rays in partlicular is
of' considerable significance in answer to the problem as to how and where
partlicles wlth such great snergles are created.

A conslderoble amount of Informotion on the composition of primary
cosmlc rays kas been obtained as the result of instruments carried into
the stratosphere on sounding balloons. However, it was not possible to
obtaln a cumplete series of data of primary composition while conducting
measuraments in the stratosphere, as there is still a small layer of sub-
stance which is always present obove the instruments and changes the com-
positlon of cosmic rays. Up to now, it 1s not known whether there is an
observeble number of nuclel heavier than the nucleus of iron in cosmic
rays.

Installation of an instrument for registration of nuclei of heavy
elements will make 1t possible Lo reply to thils important scientific
question. The basic element of this instrument is a so-colled Cherenkov
particle counter. Operation of this counter is based on the use of
Cherenkov radiation, which is formed in such a case when a changed particle
moves 1n a substance with a speed vhich exceeds the speed of light in that

medium.

An important property of Cherenkov radiation is the fact that the in-
tensity of the light flash which appears in the substance during the tran-
sit of a particle through it is proportional to the square of the charge
of the particle. Therefore, particles moving with a speed smaller than
the speed of light in the gubstance do nol radlate light. Thils property
of Cherenkov radiation makes 1% posgible to use it for the registration of
charged particles, determination of their charge, and the separation from
the entire flow of particles of only those which possess sufficiently great

speed.
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The Cherenkov counter consists of o plexiglass cylinder-detector, to
the end of which 15 attached a photoelectron multiplier. On passage of a
cogmic ray particle with a speed of about 300,000 kilometers per second
through the detector, Cherenkov radlation is formed in it. The rate of
propugation of light in plexiglass is equal to approximately 200,000
kilometers per second and, therefore, has the necessary conditvion for
forming Cherenkov radiation.

The light which appeared in the detector is received by the photo
multiplier, which transforms 1t into an electric signal and amplifies
it to a value which is necessary for operation of the instrument. The
instrument sorts all of the signals into two groups, corresponding to the
passage of particles through the detector with a charge greater than 30
and thoge greater than 17. On each passage of a particle through the
Cherenkov counter, a signal is glven as to which group the entering nucleus
belongs.

Invegtigation of Corpuscular Radiation of the Sun

Solar electromagnetic radiation includes the infrared, visible,
wltraviolet, and X-ray regions of the spectrum. At times, an erruption
of ionized gases consisting of electrons and ions from the Sun shoots
into interplanetary space. According to the extent of emission from the
Sun, part of the ions are neutralized, that is, transformed into ordinary
atams. The emission of these particles from the Sun has come to be called
corpuscular radiation of the Sun. Together with the corpuscular streams,
accompanying magnetic fields are given off. According to various estimates,
the corpuscles have a speéd, near the earth, on the order.of several thousand
kilometers per second.

During the passage of the corpuscular streams close to the earth, mag-
netic disturbances develop, the most intensive of which are called magnetic
storms. At the same time, aurorae occur. As the corpuscles penetrate the
atmosphere, their ilonization increases in the upper, as well as in the lower,
layers. An increase in ionization in the lower more dense regions leads
to a disturbance of radio communications, since an intensive absorption of
radio waves occurs. Corpuscular outbreaks are accampanied by a disturbance
in the thermal condition of the upper atmogphere.

A majority of the solar corpuscles is composed of charged particles.
Such corpuscles most often penetrate the atmosphere near the earth's
geamagnetic poles, in the polar regions. Becauge of the curvature of the
trajectory of movement in the magnetic fields, the charge particles also
penetrate on the night side of the earth in the vicinity of the polar
zones. Corpuscular invasion also occurs in the middle latitudes, but here
it is less intensive. Neutral corpuscles are free to penetrate at any
place on the earth's surface.
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InCormution on corpuscular radiation of the Sun is very poor, and little
is knewn ol 1ts nature and properties. Until very recently, general infor-
motion on corpuscular radiation has been obtailned from observations of the
surorae .

Artificial carth satellites are an effective means of gtudying cor-
puseular radiation. The present time 1s especially favorable since this
rdingtion has intensifled becuuse of the Inerense in solar actlvity.

Two particle detectors are located in Sputnik ITZ, These indicators
are fluorescent screens covered with aiuminum foll of various thiclknesses.
In thls manner, a rough classiflcation is obtained of the corpuscles accord~
ins to thelr penetration capabilities.

In front of the fluorescent screens, diaphragms are placed vhich re-
strict the solid angle of capture of the corpuscles. Because of the action
of the corpuscles, the fluorescent screens glow, similar to the process in
the picture tube of a television receiver of illumination of the screen by
the electron beam. Radiation from the screen is received by a photoelectric
multiplier tube. Its signal is "'stored" by a special device and 1s then
transinitted to earth by a radiotelemetering system.

With the help of this apparatus, it will be possible to obtain valua-
ble material on the geographic, altitude, and diurnal distribution of cor-
puscular streams. For investigating the direction of approach of the par-
ticles, a rotation of the satellite is used. The Earth's magnetic fleld
15 capable of repelling the charged particles snd foreing them to follow
8 spiral poth along the lines of magnetic force. The neutral particles may
travel along a straight trajectory. Such observations will provide addi-
tlonal date Cor determining the nature of corpuscles.

Together with the registration of corpuscular radiation of the Sun,
the apperatus makes it possible o obtaln supplementary material on X-ray
radiation which will also be recorded by the corpuscle indicators. This
rodiation may differ Ffromn corpusculer radistion in its dlrectlon of approach
and by the absence of repulsion from the earth's atmosphere. In addition,
1t may be registered during the time of appeerance since corpuscular radia-
tion is propagated more slowly than electromagnetic radiation.

Measurement of Pressure and Density of the Atmosphere

The study of how the pressure and density varies with altitude belongs
to the number of most important geophysical investigations of the upper
atmosphere. Knowing these two parameters, it is possible to determine the
temperature of the atmosphere at high altitudes.

Untll recently, this study was restricted to comparatively low alti-
tudes and only high-altitude rockets made possible measurements of the pres-
sure and density in the upper layers of the atmosphere. At an altitude of
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100 kilometers, the pressure and density are approximately 10 million times
less than on the surface of L he Earth. Higher than 100 kilometers, there
are single rocket measurements which agree poorly with indirect data. The
espential shortcoming of rocket measurements is their short duration and
the fact that they are conducted only above individual points of the
Earth's surface.

For geophysics, it i. extremely important to have data on the density
and pressure of the upper layers of the atmosphere at all longitudes and
latitudes by taking measurements over a long period of time.

The use of satellites makes possible more precise and expanded in-
formation concerning the structure of the atmosphere. The prolonged stay
of an instrument at an altitude, and comparison of the results of the
measurement from one ravolution to another, permits detailed analysis
of experimental data to be made and to exclude the possibility of ex-
perimental. error.

Given a sufficiently accurate experiment, it will also be possible
to estimate diurnal and latitudinal variations of the density and pres-
sure at altitudes at which the satellite is orbiting.

Manometers »lacsi on the outside of the satellite are coupled with
a measuring apparatus inside the satellite. A magnetic manometer measures
pressures on the satellite within the limits of 10=? to 10-7 millimeters
gercu_ry, and ionization manometers make measurements in the range of
J.O‘ to 109 millimeters of mercury.

Investigation of Micromsteors EUE

It is known that tiny solid. particles, micrometeors, move about in
interplanetary space. When they enter into the earth's atmosphere, they
burn up. During this luminous occurrence, which can be obaserved with the
_ naked eye or with the telescope, only relatively coarse particles are pro-
| 2 duced. The very fine, and presumably very numerous, particles, which are
only a few microns in diameter, produce such a faint light that they can
not be observed with optical instruments, nor with any other facilities
of ground observation.

By means of radar observations; it has been estublished that the
micrometeors which plunge into the earth's atmosphere at a speed of 70
kilometers per:second produce an ionization of the molecules of the air.
Around the flying particles, charged particles, electrons’and ions, form
a trail which is observable by means of radar. Even this method, however,
is not able to detect the very finest micrometeors. At present, these
rarticles can be studied only with the aid of apparatus contained in
rockets and, especially, in artificlal Earth satellites.
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The study of 1aterplanctary matter is of great significance to the
astronomer, the geophysicist. and the astronaut, and also fer the solution
of protlem: of evoclution and origin of planetary systems and for the clari-
ficatlon of a number of important questionz in regard to modern theories
of cosmosony.

TL {5 also very important tc know accurately the average amount of
meneoric matter which falls to the earth during a given interval of time.
Tt is necessary to take intc acccount the influence of impacts of meteoric
bodies on the outer shell of a rccket and an ertificial satellite and also
on instruments mounted on them (fox example, on the gurface of optical
tnstruments, which may be turned from transparent to opaque as a result
of vollisions with micrometeors), cn the active surface of golar batteries,
are.

Ancther thing to be taken intc account iz the danger of the collision
of artificial Farth satellites. and especially interplanetary rockets, with
larger meteorites. Although the probability of such a collision is not
areat, 1t deoes exiat, and it is important to be sble to estimate it accu-
rately.

Sevearal methods may be used to record the ccllisions of micrometeors
with th2 outer shells of interplanetary rockets and artificial earth sat-
ellites. One simple, and, at the same time. very sensitive, method is the
use of piezoelectric transducers, which convert the mechanical energy of
the collisions with particles into electrical energy.

The magnitude of the electrical impulse produced in such a transmit-
tin; element depends on the velocity and mass of the impinging particles,
ard “h noamber of iwpulses is equal to the number of particles which
collide with the surface of the transducer. The electrical impulses
coming from the transducers are fed Lo an electronic device which counts
the impulges and records their magnitudes.

Sources of Equipment Fower Supply

The power supply for scientific and measuring instruments in Sputnik
III is based on silver-zinc batteries and mercuric oxide elaments. The
various elements and batteries of thiz type developed by Soviet scientists
have high specific electrical characteristicz per unit of weight and
volume and are suitable for use in the satellite.
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In addition to the chemical batteries, Sputnik III also has o series
of solar batteries. These batteries convert the energy of solar radiation
directly into electrical energy. Solar batterles consist of a series of
elements, thin sheets of pure monocrystalline silicon, with predetermined
electrical conductivity. Bach of the silicon elements produces about
0.5 volt, and the coefflecient of transformation of the solar eneryy
amounts to 9-11 percent. The correct combination of elements provides
the required voltage and current.

The mounting of solar batteries on Sputnik III affords che possi-
bility of a detalled investigation of its operation under the conditions
of cosmic flight.

The launching of the third Soviet artificlial rarth satellite is now
evidence of the success of rocket engineering in the Soviet Union. The
broad complex of mutually related investigations being undertaken by the
satellite will make a great contribution to the development of science.
The launching of Sputnik III is one of the most remarkable events of the
IGY. The great size of the satellite and its high degree of automation

brings Soviet gscience and engineering closer to the creation of space
Eﬁiig,l (Moscow, Pravda, 18 May 58, pp 3-4) CPYRGHT
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II ROCIGITS AND ARTTIIICIAL EAKTH CATELLITHG

B Y

soviels Publish Compllalion of UDome Results ol Sputniks I and IT

A [full-page article In the 27 Aprll Provda vresents o compilation of some
ol' the results ol the oxperiments conducted by means of Oputnilks I and II,
The rollowing is « swmnery ol the article.

The launchings of Sputnili I and II, on 4 October und 3 November, re-
spectively, marked the bepinning of man's penetration into cosmic space.
ouch artii'icial satellites cpen the way for the reallzation of a whele
series of' the moust important sclentilfic investipations. The study of the
ionusphere and the mechanism of its formation, the effects of the Sun's
radivetion and cosmic rays on the Earth's atmosphere, the study of the
density, temperature, and magnetic and electrostatic fields at high al-
titudes, and many other problems are of great scientific and practical
interest.

The solutlon of thesc problems requires the conduct of direct ex-
perinents at altitudes of hundreds and thousands of kllometers above the
surface of the Barth. The possibility of accomplishing such experiments
appearcd with the creation of artificial earth satellites which permit
making the necessary scientific measurements at great altitudes over dif-
ferent parts of the Earth's globe over long periods of time.

silthough the value of sputniks for scientific observations hed been
known f'or a long time, their launching had remained an unsolved problem.
The principle dirficulty was tne luck of a rocket capable of imparting a
gpeaed In the order of' J,000 meters per second to them.

It was only after the creation of the intercontinenmtal ballistic mis
siles in the Soviet Union thatthe launching of the first sputnik was reale
ized. The ~xcellent qualitics of design of this rocket enabled putting
sputniks into orbit with heavy loads of scilentific apparatus. The weight
o7 the first Soviet artificlal earth satellite was 83.6 kilograms, but
the scientific and measuring cpparatus with power packsin the second Soviet
satellite weighed 50C.3 kilograms.

The launching of artiriciel earth satellites with such a large weight
of apparatus makes 1t possible simultaneously to conduct a whole complex
of scientillc investigablons which increases their scientific value. Only
by lounching such large artil'icial satellites can the problems of building
counbinuously operating cosmic laboratories and of making interplanetary
lights be solved.
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Whe tirst Uovlet artificiol carth satelllte was put into an orbit
with a perigec of 225 kilometers and an apogec of 9h'y kilometers; the
second, with a perlgee of 225 kilometers and an apogee of 1,071 kilometers,
he Initial orbltul period of the flret sputnik was 96.17 minutes, and of

the second, 103.75 minutes.

During the artificial satellites' movement along the orbital altitudes
mentioned above 1t was possible to conduct & number of experiments for the
study of the upper atmosphere (determining the density of the atmospherc,
the study of the propugation of radio waves, etc.). On the other hand, at
these altitudes the density of the atmosphere is low enough so that it does
not distort measurements of the primary components of cosmic rudiation,
the spectrum of the short-wave radiation of the Sun, etc.

Sclentlfic problems also determined the selection of the orbit's angle
of inclination to the Earth's equator, equal to approximately 65 degrees.
The advantage of such an orbit 1s that during the sputnik's flight its
sclentific apparatus can conduct measurements over @ifferent latitudes.

It should be noted that placing an artificilal satellite into an orbit with
4 greater angle of inclination to the plane of the equator is a far more
complex task than to place it into an orbit similar to an equatorial orbit.

During the period of its existence from 4 October 1957 to b January
1953, the first Soviet satellite completed about 1,400 revolutions around
the Earth. The second satellite, from 3 November to 1 April 1958, com-
pleted about 2,370 revolutions. With the aid of the first Soviet artificial
carth satellites the projected program of scientific investigations was
successfully accomplished. Some of the preliminary results of these in-
vestigations follow. On the whole, the material accumulated is very ex-

tensive, and work on it continues.

1. Radlo and Optical Observations of Artificial Earth Satellites

Inasmuch as analysis of the change of the orbit of a satellite
with time makes it possible to evaluate the density of the upper layers
of the atmosphere, investigations of the motion of artificial satellites
are very important. Orbital elements of such satellites can be determined
by observations mede by radiotechnical and optical methods. Among the
radiotechnical methods used were radio position finding and the observation
of the Doppler effect during reception of radio signals from the sputniks.

During radio observatica of the signals from the first and second
Soviet sputniks the frequency of the radio signals received was measured.
A special radio apparatus and recording chronograph were used for this
purpose.
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The obsorvations nade show that the Doppler effect can be success-
Cully used to determine the orbital parameters ol sputniks. The value of
this method is Lt slmpliclty nnd the reliabllity of the apparatus. With
an Incrense in the frequency of o trunomitler and with the use of a system
autometically moasuring the frequency, the error of the method can be sub-
stantlally reduced.

For @ morec uccurate determination of the coordinates special photo-
vraphic theodolites (totoklnoteodolity) were used. Modernized acrial photo-
rraphic survey cumerus for obtaining photographs with the sputniks' trails
woere uged.  Timlng durlng photography was done with the aid of a number of
consccutive openings and closings of the shutter with the registration of
the time of these operations by u photoclectric method. Thus a broken
trall of the gputnik wus obtained on the photograph.

During the observations of the artificial earth satellites a method
of photogruphing them using highly seunsltive means was developed. Among,
these, the use of an electronic optical converter showed special promise.
The new mothod permits maliing observations for sputniks without using large
optlcal systems. This will greatly simplify the means of observatiors.

2. Dotermination of Density of Atmosphere.

The density and temperature of the air are the most importa:.t
characteristics of the atmosphere. The determination of their principal
altitudes down to the boundarics of the atmosphere is cessential for under-
standing o number of ¢eophysical phenomena.

sven betfore the launching of the first artificial satellites the .
possibllityof determining the temperature and density of the atmosphere from
observations of thelr motion was noted. During their movement in the at-
mosphere the sputniks mect resistance. The strength of the resistance is
proportional to the density of the atmosphere. As a result of the braking
nction of the atmosphere there is A gradual reduction of the altitude of
the orbit. This continues up to the time the sputnik enters the dense
layers of the atmospherc and ceases to exist.

The farther away from the Earth's surface, the quicker the density
o the atmosphere falls., Therefore, the force of the resistance in the
dirferent parts of the orbit is not equal. In an orbit of sufficient size,
the main braking force is in the perigee. This reduces the height of the
apogee at a quicker rate than that of the perigee. In its evolution, the
satellite's orbit thus gradually aovprocaches a circular form.

CPYRGHT
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On the basis of a theoretlcal analysis of the results of the ob-
gsorvations it was possilble to determine the values of the evolution of the
orvils us the product of the atmospheric density times the square root of
tine altitude of a homogeneous atmosphere at the perigee altitudes of 225-
228 kilometers of the first satellites. The velue of the density was also
- culculated. As a result, it was found that values of the density obtained
vere 5-10 times greater than the values indicated for those helghts in a
number of studies of the atmosphere which were based on rocket measurements

belore the launching of the satellites.

The Earth's atmosphere over different areas of 1ts surface is not
uniform, At one and the same altitude the density and temperature of the
atmosphere change in relation to latitude and time of dey. This relation-
ship is connected with the irregular heating of the upper atmosphere by
ultraviolet, Roentgen rays, and corpuscular radiation from the Sun.

As a result of the fact that the gravitational field of the Earth
1s different from the central field, the orbits of the artificial earth
satellites changed their location in space. Thus for the first Soviet
satellites the angular distance of the perigee from the midday meridian
changed approximately by 4 degrees, and the latitude of the perigee changed

by 0.35 degree ver day.

Inasmuch as the principal influence of the atmosphere occurs in
the region of the orbit's perigee, the change of its location leads to a
change of the magnitude of the braking. This makes it possible to evaluate
the magnitude of the latitudinal and diurnal changes bf the state of the

atmosphere,

On the basis of the observations, calculations were made for deter-
mining the density of the atmosphere, taking into account the changes in
the location of the perigee of the orbit. The calculations showed that the
product of the density times the square root of the altitude of a homo -
Jencous atmosphere increases during the transition from the night side of
the atmosphere to the day side, and reaches its maximum value at midday.
Anzlysis of the braking also revealed a decrease of this value during the
transition from the more northern region of the atmosphere to the equatorial
region. It should be noted that the values of density, calculated according
to the results of observations of the first and second sputniks, are in
good agreement with those of the rocket carrier of the first sputnik,

On the basis of the data obtained it is possible to draw the con-
clusion that the temperature at altitudes of about 225 kilometers is higher,
than previousl supposed on the basis theoretical considerations.

CPYRGHT
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Thae dliscovery of the high temperature ol the atmosphere poges
for peophyslceists the problem of the sources of enerpgy und its great
heat, capacity., The well-known "hard" ultraviolet and Roentgen radla-
tlons of the Cun would nardly be sulflelent For this purpose. Now it
15 posslble only bto lorm different hypotheses on this question. Tor
example, It can be supposed that the upper atmosphere of the polar
reglons 1 Intensely heuted by corpuscular radiatlions from the Sun.
The whole upper atmosphere may be additionally heated either by in-
freagound waves arriving from the tropospherc or by electrical currcnts
arising in the eclectrilcal conductling lonized alr as a result of its
motion In the Earth's mugnetic field. .

Further study of the upper atmosphere using rockets and arti-
ficiul earth satellites will make 1t possible to obtuin a definitilve
angwer to all these interesting and importunt questions.

3. Results of Investlpations of Ionosphere

The observation of radio signals received from the first arti-
ficinl earth satellites provided new data on the outer part of the
ionosphere, that 1is, that part lying above 300-400 kilometers. The
lonosphere is the upper part of the atmosphere containing o considerable
quantity of free, charged porticles -- electrons and ions. During the
passage of radiowaves through the ionospherlc layers the phenomena of
thelr reflection, partial and full absorption, and the distortion of the
paths of their propagation occur. Therefore, radio methods are the most
elfective meuns of investigating the upper layers of the atmosphere.

One of the principal parameters charucterizing the state of the
ionosphere is the magnitude of the eiectron concentration, that is, the
content of free electrons per cubic centimeter. Up to now the electron
concentration was measured from the lower lonospheric layers up to an
altitude of 300-L0O0 kilometers, where the electron concentration has a
so-called principal maximum.

These meusurements vere produced mainly by ground ilonospheric
stations, transmitting short impulse radlo signals at different frequen-
cies and recelving thelr reflection from the scparate layers of the
ionbsphere.

As a result of systematic measurements, it was established that
the altitude of the principal maximum of the ionosphere and its electron
concentration changed from day to night, from season to season, durlng
the transition from north to south, and from east to west. The greatest,
value of clectron concentration in the middle latitudes reached 2-3 million
electrons per cubic centimeter. It was found that from altitudes of 100-
110 kilometers up to altitudes of 300-L400 kilometers, the electron con-
centration becomes on the average 10-15 times as great.
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It 15 extremely important to know how the electron concentration
sbore the mauin maximum, that 1s, In the outer part of the ionosphere,
changes,  Thls 1s necegsary in particular to understand the interaction
of the ultraviolet radiatlons of the Sun with the atmosphere and to study
the conditlions of radiowave propagation and other processes origlnating
- ln the lonosphere. Certain Informution on the outer ionosphere can be
obtalned by the study of rodio emanations from the Sun and the stars and
of radlo signals reflected from the Moon which are recelved on Earth.
Otservations on the porpagation ol radiowaves transmitted from sputniks
at different altitudes 1c a new method of studying the outer ionosphere.

In the reception of radlo signals from the first artificial earth
satellites at a frequency of 40 megacycles, it was possible in a number of
cajes to observe, free from distortion, the "radiorise" (radiovoskhod) and
"rudiosetting" (radiozakhod) of the sputnik and to note the exact time of
each. In contrast to the optical "rising" or "setting" of the sputnik,
which are characterized by rays of light traveling in a straight line
from the sputnik to the observer, during the "radiorise" and "radlosetting"
the radlio beams are bent by the ionosphere.

Becaugse of this, the "radlosetting" comes later than the optical
"setting" ond, correspondingly, the "radlorise" outstrips the optical
"rise." The difference in time between the optical "rise" and the "radio-
rise" (or the optical "setting" and "radiosetting") makes it possible to
determine the umount of distortion of the radio beams. Inasmuch as the
bending of a ruadio beam in the ionosphere depends ¢n the variation of
electron concentration with altitude, it is possible to establish a def-
inite rule for the change in electron concentration and to theoretically
calculate its value at different altitudes. Thus the effect of the lower
layers of the ionosphere can be considered on the basis of direct measure-
ments conducted by a network of ground stations.

The data obtained as a result of the reception of the radio signals
of the first artificial earth satellites make it possible to assume that
the electron concentration in the outer ilonosphere (over the principal
maximum) decreases with altitude at a rate of from one fifth to one sixth
of the rate at which it increases below the maximum. Thus in the altitudes
from 100 to 300 kilometers the electron concentration increased to ten
- times as much in the period of observation in October, while at altitudes
from 300-500 kilometers it decreased by half.

It should be mentioned that a similar change was recorded during
the lounching of Soviet high-altitudc rockets. In this experiment, the
electron concentration at an altitude of 473 kilometers was one million
2lectrons per cublc centimeter.
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W, Investipations ol Cosmle Roys

Por the repistyation of cousmic radiation two instruments were
installed Lo the sceond sputnik which recorded the number of particles of
this radiation. bDuring its motlon around the Earth the satellite flew
at different distances Crom Lts surfoace. Theretfore, the measurement of
coumic rays by o spulnik makes it possible to chow the relutionship of
the number of particles to the altitude. Processing of the data revealed
that from the minimum orblt altitude of 225 kllometers up to an altitude
ol 700 kllomcters there was o 40 percent increase in the intensity of
cosmle rays. This lnerease was dependent primerily on the reduction of
the sereening vetlion of the Eurth with the lncrease of altitude, which
makes 1t poscible for the cosmic reys to reach the instrument from a
greater number of different directions. The Eurth's magnetic fleld also
presents an oostucle to the fall of cosmic radiation on the Eorth,

The study of cosmle reys using instruments installed In satellites
can ulso show the dependence of the intensity of cosmlc rays on latitude
and longitude. This makes it possible to obtain new infermation on the
Barth's magnetic field. Mecasurement of the magnetic fleld on the surface
of the EBarth makes it possible to form a representation of the nature of
terrestrial magnetism and to predict what kind of magnetic field exists
at greater distances from the Barth's surface.

From this the cxpected distribution of the intensity of cosmic
roays according to the Barth's surface cen be calculated. In particalar
1t 15 possible to indicate the lines of constant intensity of cosmic rays
(Leokousmy).  The meesurement of cosmic rays made during flights of sputniks
showod Lhat the lines of constant intensity obtalned from the experiment
and those colculated 1in theory arc substantlally different. This result
is in ugreement with the conclusions reached by the US physicist Simpson,
who orsanized n large serics of flignts with high-altitude airplanes in
equatorial reglons. They showed that the equator found with the ald of
cosmic vuys did not coincide with the geomagnetic equator.

Conuequently, there is a considerable divergence between the
characteristics of th2 Barth's magnetic field obtained on the one hand
with Lhe aid of cosmic rays and on the other hand by the measurement of
the magnetic [1eld on the surface of the Barth. This discrepancy can be
explained by fact that the trajectory of the motion of cosmic rays is
determined by the magnetic fleld at very high altitudes, while the direct
measurements characterize the magnetic ficld near the surface of the Earth.
Cosmic rays make it possible to probe the Earthis magnetlc field at great

distances from the Eurth as well as the systems of electrical currents in
the upper atmosphere,
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Obgervatlons of cosmic rays by the earth satellites made it pos-
sible ulyo to record the oscillations (variations) of the intensity of this
rudiation. These variations, obviously, are connected with the state of
the interplanctary space near the Earth. One case of a sharp increase,

50 percent, of the number of particles of cosmic radiation was reglstered.
. On the other hand, ground stutions, at this time, did not discover any
substantial increase in the intensity of cosmic radiation. At present a
detailed study of this occurrence is being conducted. It is possible

. that it was caused by the generation oi the Sun of low-energy particles

of cosmic rays (strongly absorbed by the Earth's atmosphere) or by the
sputnik hitting & stream of high-energy cosmic rays (connected with the
corpuscular radiation of the Sun). Such a phenomenon had not been regis-
tered before, since instruments for prolonged observations of cosmic. rays
were located only on the Earth's surface. Artificial earth satellites for
the first time make it pogsible to fully investigate primary cosmic radia-
tion.
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5. Brolosicnl Tnveslisations

In the past decade Soviet seientists performed a larpge number of
biolouleal experlments in the upper layebrs of the atmosphere. Animals have
been carrled in rockets to altitudes of several hundred kilometers for direct
cxperimental study of the biolorical effects present in conditlions approach-
ing those in cocmic gpace fli:ht. However, only by means of a satellite was
it posalble to conduct o blolorlcal experiment under conditione that would be
pregent 1n achual gpace flight. Specifically, the sotellite enabled a study
of the effects on a living orpanism of long-duration wolghtlessness, primary
cosmic radiation, solar emissions, and other factors.

Information of preatl value was obtained from data on the medical-
biolopical investipations on Layka in the second artificial earth satellite.
Of speclal intercst were the behavior and condition of the dog during the
most adverse stage of flight, from the biological viewpoint, which congisted
of the launching and entrance Into orbit. The acceleration produced durling
launching was many times greater than gravity, so that the apparent weight
of the animal increased correspondingly with the magnitude of acceleration.
The animal was so positioned in its cabin that acceleration acted In the
direction from its chegt Lo its back. Irom the blolosical viewpoint, this
rne the most gatisfaclory position for withstandine overloadins due to ac-
celeration. Data during the flipght indlcated +that +the animal was
able to oppose the apparent increase in weight only to a certaln mag-
nitude of acceleration. After this point the animal appeared to be
compressed to the cabin floor, and any detectable motion was not
recistered.

/ Deciphering. o1 awva roceived from the satellite showed that imme-
diately after launching the frequency of heart contrsctions was three times
reater than initially. Analysis of the cardiorrams showed no 111 effects.
A typical picture of increase in heartbest (so-called simus tachycerdia)
was obtained. Later, as the acceleration not only persisted but increased,
the frequency of heartbeat decressed.

With the increase in the apparent weight due to increased accelera-
iion, the breathins motion of the thorax became more difficult. Recordings
{rom telemetric sipgnals showed that the breathing frequency of the animal
vad three or four times greater thon the original when the satellite entered
orbit.

Analysis and comparison of data obtainad with results of previous
laboratory experiments permit an assertion that the animal quite satisfac-
torily endured the fiight from the start of the satellite until it entered
into orbit. Changes noted in the physiological functions were due to the
strong sudden effecls of acceleration, noise, and vibration during this
period.
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Alter the satellite entered 1ts orbit, the animal began to experi-
snece welrhilessneoss. Az the thorax of the animal did not experience any
aore pressure which had previously existéd under acceleration, its frequency
of breathlng decreased. After o short périod of increased heart contractions,
the Cfrequency of heartbeat began to dec?]ase and approach normal. However,
the perlod for thie heartbeat to reach nogmal proved to be approximately three
Flmes longer than the period in laboratog}y experiments when the animal was
subJected to the same accelerations as tllose of the satellite. This was
probobly because after the effect of accdleration in the groufld tests the
animal found itself in normal conditions{ whereas in the satellite the animal
experienced complete weightlessness. Dujing weightlessness the sensitive
rervous centers of the animal which sipndl position of the body were not suf-
ficiently affected by external irritants The slight effect preduced was re-
sponsible for the somevhat longer period [that the breathing and blood circu-
lotion functions took to return to nor . Normalization of these functlons
shows that the faetors present during la ching and orbiting of the satellite
cbviously did not cause any substantial d lasting changes in the physiolog-
Lleal functions of the animal.

Insurance of normal living condiltions for the animal during its
flight in the satellite could be provided only by means of a hermatically
sealed cabin. Normal atmospheric pressurp was maintained in the cabin.
The oxveen content was kept in the range pbf 20-40 percent, and the carbon
dioxide content did not exceed one percegt. These percentages were main-
tained by highly active chemical compoundp which absorbed carbon and re-
leased oxysmen and absorbed other harmful pases from the living processes,
such ng ammonia. Analysis of data obtainkd showed that the content of
oxyren did not decrease and that the cabih maintained its pressure.,

No definite idea of the effect of cosmic radiation could be formed,
Siree no obvious physiological effect was directly observed and it would
i'ave been necessary to observe the animall for a long period of time after
the flisht. This will be accomplished in|future flights. The positive re-
sults ol e experiment make it possivle fo continue and expand research
aimed at ensuring the safety and health of man in cosmic flight.

Study of the great wealth of material from the Pirst earth satellites
in the experiments described in this artigle and other experiments performed
. on the first satellites in continuing. Sybsequent launchings of satellites
In the course of the IGY will permit an ijcrease in the number of important
scientific experiments in cosmic space anq argts i
roceyggses occurri d pper atmoanh
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Suedluht Radio Statlon Interveepts Spubnile ITTT Sirmals

CPYRGHT

Tomedliately on the amnouncement, of the firing of §putnik TTT, the En-
toepine short-vave radio statlon bersan scanning for the satellite's signals.
The search was Tacilitated by the announcement by radio from Moscow that
the sirnals from Sputnili TIT ore similoxr to the letter "L" in the Morse code.

From 1324 hours until 1332 hours, these signals were clearly intercepued
In "nkoepin;. The sipnals vere found to have a frequency of 20.005-20.006 Mc.
At 1011 hourg, Lthe sisnals were heard agaln, this time for 11 minutes. The
frequency decreased by 1,000 cycles from the time they were first heard until
the ond.  The sirpals wore also heard fvom 1700 to 1715 hours and from 1847 to
to 1903 hours. | (Stockholm, Svenska Dagbladet, 16 May 58) CPYRGHT

Soviels to Exhibvit Sputnik Models in Parls

CPYRGHT

Te Soviel Embassy in Paris has annmounced that the Academy of Scicnces

41

S [ata [

Cxposition which opens in Paris on 30 Moy. |{(Paxris, Le Monde, 17 May 58)
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Rocket Mall Delivery to Poloar Rerion Discussed

The main portion of an unsigned Czeck newspaper article deals with the
advantaces and possibllities of rocket mail in general terms. The final para-
graph glves the following specific details.
CPYRGHT

iy uhe event of an emergency, polar expeditions would be able to obtain
packares sent by rocket. A two-stare rocket could be launched in Arkhangelsk
with an initial speed of 6,500 kilometers per hour, later reaching a speed of
11,000 kilometers per hour and an altitude of 40O kilometers. Ilere the first
gtoge of the rocket would drop away and the rocket would be automatically
cnided to the North Pole with the aid of wings that would push themselves out.
Ag the ronlket lost speed, it would lose altitude. Wear its goal when it would
be £lvin~ gt a svoed of 900 Lilometers. the mother shiv sould meet it. piclk 1t
up, and carry it to land.| (Prosue, Obrance Viasti, 4 Apr 58)
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